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of
Juliet Creek

EXECUTIVE SUMMARY

Based on the office work and field surveys, the following conclusions are presented for

peak flows, sediment sources, and riparian and channel stability in the Juliet Creek
watershed.

In general, there has been a low amount of forest development in the Juliet Creek
watershed. Both current and proposed ECA’s in sub-basins and over the total watershed
are less than 13%, which does not represent a hydrologic concern for an increase in peak
flows over natural levels.

Forestry-related mass wasting was not observed in the field surveys, although slides,
torrents and debris flows are natural processes on the steep slopes draining to the valleys.
Two road systems are recommended for deactivation (or upgrading) due to a number of
sediment sources at crossings and potential impacts to roads from debris flows in steep
tributaries. These are: the access route to 156-1 in the residual area and the south road in
the July Creek sub-basin, Three sediment sources (S84, SS5 and SS11) can be addressed
by deactivating or replacing culverts. Other roads were stable or set back sufficiently
from streams and therefore pose a low concern for sediment delivery.

There has been a low amount of riparian harvesting around mainstem channels. No
impacts to Juliet Creek were noted at the single case of riparian harvesting around the
matnstem, located in the North sub-basin. Logging has occurred along small tributary
creeks (<1.0-3.0m Whb) but, in general, no stability concerns were ohbserved. An
exception is channel disturbance for approximately 50-75m (bank erosion and trees
felled/windthrown into creek) associated with riparian logging (opening 6. polvgon 669)
at Tributary 4.

Streams are active, aggraded and laterally unstable, particularly in the valleys of Juliet
Creek and sub-basins. Mainstem channels are charged with sediment with potential to
migrate downstream at annual freshets. Instability is natural, and related to high stream
power at floods. Instability was also observed at steep tributaries (torrents and debris
flows). Forestry activities have had a low impact to channel conditions, however, except
for localized sedimentation effects at road crossings as discussed above.

Proposed forest development is a low concern for increasing peak flows in the watershed.
However, there are hydrologic concerns related 1o the location of some of the blocks over
steep terrain, or above existing sediment problems, and the potential to initiate or
accelerate debris flow or torrents. Recommendations are provided in the following
section to address existing and potential hydrologic concerns.

HENDERSON ENVIRONMENTAL CONSULTING LTD, January 2002
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RECOMMENDATIONS

To protect the water quality in the Juliet Creel watershed, it is recommended to:

I.

1=

Lad

Stabilize sediment sources SS1, 2 and 3 prior to road building or harvesting on the
north slope of the residual area. This can be done by deactivating or upgrading the
access route to proposed 136-1.

Move the south border of A56181 away from the creek, and stabilize SS7 to SS10
prior to harvesting, Should development not proceed, or following the completion of
harvest, deactivate the south road system in the July Creek sub-basin due to sediment
delivery potential to streams from an eroding road surface and ditchline. and to
mitigate road wash-out potential from tarrents at tributaries.

Install or replace culverts at SS5 and SS4 and stabilize SS6 prior to harvesting
upslope blocks 156-2 and 3.

Assess the potential for harvesting in the south portion of Block 106-6 to initiate a
landslide by a terrain specialist.

To mitigate debris flow potential at steep tributaries, ensure that logging debris at the
proposed blocks does not enter channels and natural drainages are maintained at roads
to 106-5 & 6, 156- 3, 6, & 7. Set borders back to the top of the outer gorge, where
applicable, to avoid harvest on channel sidewalls.

Use temporary crossings to 106-6 at Tributary 1 and to 156-6 at Tributarv 4 because
of proximity to steep channel terrain, and deactivate these crossings immediately after
harvesting.

Deactivate all proposed roads after harvesting.

Removefreplace the collapsed crossing at SS11 in July Creek sub-basin.

Periodically monitor the performance of the in-stream works at MW1 after the annual
flood.

HENDERSON ENVIRONMENTAL CONSULTING LTD. January 2003
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Overview Hydrologic Assessment

of

JULIET CREEK

L0 INTRODUCTION

This report presents the results of an overview hydrologic assessment of the Juliet Creek
watershed, located approximately 43km south-west of Merritt within the Merritt Forest
District.

The main purpose of the report is to assess the cumulative hydrologic impact of historical
and proposed forest harvesting in the watershed.

2.0 DESCRIPTION

Juliet Creek watershed is somewhat oval in shape and drains an area of 8,916 ha, The
mainstem meanders west to east from steeply sloped headwaters at sub-basins to a broad
valley flat near the mouth at the Coldwater River (1010m elevation). The watershed is the
largest tributary to the Coldwater River. The highest point in the watershed is July
Mountain at an elevation of 2134m. July Creek is a major tributary to Juliet Creek. and
comprises 2090 ha or 23% of the total watershed area.

The Juliet Creek watershed is located at the western edge of the Cascade Mountains
physiographic unit as classified by Holland (1976). Bedrock is a mix of folded and
metamorphosed sedimentary and voleanic rocks with intrusions of granitic batholiths.
There are sharp peaks and ridges in the watershed, and valleys show the effects of alpine
alaciation.

Juliet Creek is not a community watershed and there are no water licenses, The mainstem
of Juliet Creek is known fish bearing (bull trout) up to 1400m elevation in the North and
South sub-basins and 1360m in the July Creek sub-basin. Rainbow trout and bull trout
have been inventoried in the lower reaches of Juliet Creek (Nicola Tribal Association,
personal communication), (Beniston and Lister 1992). Chinook and coho salmon and
steelhead trout were captured in Juliet Creek in 1987 (G. Naito, personal
communication). A fish barrier is reported at the lower reaches of July Creek (Nicola
Tribal Association 1998).

Forest harvesting dates back to the late 1970°s with the majority occurring in the mid
1980’s. Historical harvesting has primarily been near to the valley bottoms along the
mainstem and tributaries. Cattle grazing is also an identified activity in the watershed.
Private land is located near the confluence of July and Juliet Creeks and consists of
approximately 10 ha or less than 1% of the total watershed area, There are a number of
mine claims located primarily south of the Juliet mainstem in the residual area and at the

HENDERSON ENVIRONMENTAL CONSULTING LTD, January 2002
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confluence of the north and south tributaries of the July Creek sub-basin
(http://ebony.gov.be.ca/mapplace/minpot/mtitles2htm.cfim).

Linear developments such as the construction of the Coquihalla highway, and gas
pipeline have resulted in substantial channel modifications near the mouth. Juliet Cresk
has been straightened and banks rip-rapped in the lower 700 - 800m. Compensatory
structures (e.g. off-channel) for lost fish habitat have also been installed (Beniston and
Lister 1992). Due to these anthropogenic influences to the lower portion of Juliet Creek.
the point of interest (POI) for assessment purposes is located above the Coquihalla
highway, just below the confluence with July Creek.

Maximum 2000 (7-day max) stream temperature in Juliet Creek ranged from 12.7°C to
17.3°C and in July Creek from 12.0°C to 15.2°C (Henderson 2001). In 2001, maximum
temperatures ranged from 13.3°C to 19.2°C in Juliet Creek and 11.6°C to 15.4°C in July
Creek

3.0 SUB-BASINS

Juliet Creek at the POI is 4™ order (map scale 1:20,000). For forest development planning
purposes, the hydrological assessment for the Juliet Creek watershed has been divided
into three 3rd order sub-basins: South, North and July. A residual area that drains to the
lower clevations of the mainstem is included as part of the total watershed (see map).

South sub-basin, with a total area of 1502 ha, is situated in the southwest portion of
watershed. The sub-basin drains north from a height of 2134m to the confluence with
North sub-basin and the residual area of the Juliet Creek (1190m).

Morth sub-basin has an area of 2596 ha and drains east from an elevation of 2040m to the
mainstem of Juliet Creek at 1190m.

July Creek sub-basin is 2090 ha and is located south of the residual area. The sub-basin
draing northeast from July Mountain (2134m) to the confluence with Juliet Creek at
1030m.

4.0 PROPOSED DEVELOPMENT

Proposed development in the Juliet Creelkk watershed consists of 12 blocks totaling
281.8 ha (Table 1). The majority of proposed development is located north of the
mainstem of Juliet and the North sub-basin, CP 156 is split between the North sub-basin
and the residual area while CP 106 is located lower in the watershed, confined to the
residual area. There is also a SBFEP block in July Creek scheduled for harvest in 2005,
All other blocks are planned to be cut by 2006 (exact year not known). There is no
proposed development planned for the South sub-basin up to the year 2006.

HENDERSON ENVIRONMENTAL CONSULTING LTD, January 2002
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TABLE 1
Summary of Proposed Development 2001-2006
Juliet Creck Watershed

Cutting Permit and Sub-basin Proposed Area
Blocks (ha}
156-2.3,4 and § North 1221
S50l T Residual 90.3
i i Residual 57.6
AS6181 uly e
Total 281.8

5.0 METHODS

The April 1999 Interior Watershed Assessment Procedure was the guiding document used
for conducting office analyses and field surveys. Details are provided below.,

5.1 Office Assessment

P

reliminary analysis of Juliet Creek watershed was conducted in the office. An

ortho map, air photos and five-year development plan map were provided by
Tolko Industries Ltd. Information sources used in the study included:

2

a3

L

Current (2000) air photos. These were used to locate potential sediment
sources from roads and hillslopes (including mass wasting events), harvested
riparian areas, and channel sites to inspect in the field.

Historical (1969) air photos for disturbance indicators in the mainstem of
Juliet Creek and for locations of historical mass wasting.

. Map information including;
o 1:20,000 TRIM
 Forest cover
»  Five vear development plan
e  Silviculture information from Tolko Industries Ltd.

Communication with Tolko Industries Ltd. personnel, sub-contractors. and
agencies regarding hyvdrologic concerns or previous work in the watershed,

Review of previous reports: Borrett Engineering Inc. (1998), Foresite (2001),
Nicola Tribal Association (1998). Klohn-Crippen (1999) and M. Miles (1992),

HENDERSON ENVIRONMENTAL CONSULTING LTD. January 2002
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The equivalent clearcut area (ECA) of the watershed was determined using
historical forest development data, The ECA is a measure of the amount of
harvesting that has occurred in a watershed, modified by the amount of hydrologic
recovery from regrowth of conifers (see Appendix 2 of the 1999 IWAP
Guidebook for details). It is used as a surrogate for inferring change in peak
flows due to forestry. Inference is based on a compilation of hvdrology studies
carried out in Canada and the Pacific Northwest, especially where snowmelt is the
dominant runoff process. In 1998, the ECA in Juliet Creek watershed was
measured by Borrett Engineering Inc. at 10.1%.

The ECA and hydrologic recovery was calculated for cutblocks, burns, and
cleared areas, following procedures in the IWAP Guidebook. Hydrologic
recovery for openings was determined from average tree height (Forest Cover FIP
data). A conservative leader increment of 20 cm per year was used to “grow trees’
and calculate current and proposed tree height since the most recent date of
measurement,

Cutblock areas were obtained from file information: when missing, openings were
digitized from Forest Cover Maps, Watershed, sub-basin and opening areas were
measured from maps. A single Hg' elevation line was used for the entire
watershed.

Roads were included in the ECA calculation as clearings; road lengths were
measured from maps. Road areas were calculated using the following assumed
widths: main roads = 20m. secondary roads = 10m, other roads = 5m.

5.2 Field

Fieldwork consisted of a helicopter flight (June 29, 2001) and a reconnaissance-
level survey on the ground on August 6-7" and October 16", 2001. Field surveys
were used to verify regeneration of tree heights in cut blocks (for hydrologic
recovery calculations), assess sediment input to streams and inspect channels.
Changes were made to hydrologic recovery at openings when gross differences
were observed between file and field information.

The ground survey was carried out to identify sediment sources to streams from
roads and hillslopes, and inspect stability of channels at strategic locations, The
field surveys were not intended to cover all areas of the watershed, but to assess
those sites and roads most likely to have a hydrologic impact to Juliet Creek.
Specific sites of interest to inspect were identified from previous reports, and
from the air photo review.

We followed a Re-CAP method for inspecting channels, as suggested in the 1999
IWAP Guidebook. The Juliet Creek channel network was inspected at major

! The Hy, elevation refers to the elevation for which 60% of the watershed is above.

HEHDERSDEENWI{ONMENTAL CONSULTING LTD. January 2002
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tributaries, strategic accessible other locations, and near the confluence with the
Coldwater River. At least 100m of channel was surveyed at cach site; typically.
surveys were 200-300m. Limited channel inspection was carried out in the July
Creek sub-basin because there is no development planned to 2006 and a detailed
channel assessment is reported by Klohn-Crippen (1999).

Riparian area conditions were observed during the sediment and channel surveys,
Other riparian sites were selected from maps or photos that appeared logged on
both sides of the channel.

6.0 RESULTS

The results of the field survey and related office calculations pertaining to the assessment
of Juliet Creek watershed are presented in this section.

During the field survey, 31 km of road was traversed and the channel was inspected at
eight sites (refer to the attached map for site locations). Results are presented below for
the primary hydrological impact categories of peak flows, sediment sources, riparian
areas and channels in the study area.

6.1 Peak Flows

Juliet Creek is not gauged, so a measured range of peak flows is not available.
Using flow data on the Coldwater River and nearby Spius Creek as a guide, peak
flows are most typically associated with spring snowmelt. However, the largest
floods have been due to rainstorms or rain on snow events in the fall that occur
infrequently. Discharge has been estimated for Juliet Creek by Harding et al
(1981) using rezional relationships between drainage area and flow data for
gauged basins up to 1980 (Table 2). Since 1980, however, instantaneous flows in
the Coldwater have been exceeded two times, in 1990 and 1995, Estimated
discharge may therefore be higher than shown in Table 2 for the respective
reccurrence intervals.

Table 2 ;
Estimated Instantaneous Discharge (m/s)*
of the Juliet Creek Watershed at the POI

{data up to 1980)

Recurrence Instantaneous
Interval Discharge
(Year) (m’/s)
2 25.7
10 36.8
- 50 52.6
| 100 , 38.0

*Harding et al. (1981)

HENDERSON ENVIRONMENTAL CONSULTING LTD. Tanuary 2002
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ECA

The equivalent clearcut area (ECA) is used as a surrogate to estimate the impact
of forest development on peak flows (Appendix A shows ECA details),

Total Watershed

The current ECA at the POI of Juliet Creek is 10.1%. which represents a low
potential for increased peak flows over natural levels (Table 3). Note that the
1998 ECA was reporied at 10.1% by Borrett Engineers Inc, With proposed
development the ECA will increase by 2.5% to 12.6% which still represents a low
concern for increased peak flows due to forestry development. If there was no
proposed development the ECA would be 9.2% due to hydrologic recovery at
planted openings (Figure 1).

The road density is low (0.60 km/km®) and should not by itself influence peak
flows due to the amount of roads.

Table 3
Current (2000) and Proposed (2006) ECA for Sub-basins and the Total
Juliet Creek Watershed

] ECA
Sub-hasin Area Current Proposed
2001 26
(ha) Total Total >Hg Total | Total =H g,
sub-hasin sub-hasin elevation suh-hasin sub-hasin alevation
(ha) (%) (%a) {fri) %) (%)
South 1502.0 159.2 1006 0.4 1404 o4 {4
North 2396.4 123.6 4.8 Il 2434 9.4 4.7
July 2090.1 238 12.3 5.4 260 8 123 56
Total 20162 a0l.6 10,1 21 Ti21.7 126 4.4
Watershed

HENDERSON ENVIRONMENTAL CONSULTING LTD,

January 2002
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Sub-basins

The current ECA at sub-basins ranges from 4.8% in the North sub-basin to 12.3%
m July sub-basin. ECA’s at this level do not present a concern for peak flow
changes due to forestry development. Proposed ECA decreases by less than 1% in
the South sub-basin because there is no development planned there, and also due
to hydrologic recovery. In July Creek, there is one proposed block that will
increase the ECA to 12.5% from 12.3%. In the North sub-basin, there are four
proposed blocks scheduled for harvest in 2006 that will increase the ECA by 4.6%
to 9.4% (Figure 2).

6.2 Sediment Sources

Sediment sources to streams from roads were observed in the residual area and
July Creek sub-basin (Table 4). The main forest road on the south and north sides
of Juliet Creek in the residual area have sediment sources at crossings over steep,
unstable, tributaries, S81 and 882 are related to blocked culverts along a partly
overgrown road. Flow has been diverted over the road and is eroding the surface.
A general recommendation is to deactivate the road and remove culverts; site-
specific recommendations are shown in Table 4. §S3 is an eroding cutbank at a
tributary stream that is recommended to be armored at the base to prevent further
erosion.

On the south side of Juliet Creek, both S84 and SS85 requires a new culvert (see
photo19). Erosion at the culvert inlet and outlet at SS6 can be mitigated by
installing armour at the inlet and seeding exposed soil at the outlet.

Sediment sources in the July sub-basin were also located at crossings, primarily
associated with erosion at culvert inlets and outlets. Recommendations are
provided at each site to stabilize sediment transport. However, deactivation is
recommended along the entire south road system (i.e. SS7 to SS10) due to
sections of ditch and road surface erosion connected to crossings and also because
there is no development proposed in the current plan.

Only S811 is recommended for deactivation in the north road network of July
sub-basin, related to a collapsing wood culvert ( photo 20, previously identified
by Klohn-Crippen 1999, restoration site 3).

Although ditch erosion was apparent in the main road of the South sub-basin,
there is low potential for sediment transport to streams because of the setback
distance. The road north of the mainstem in the North sub-basin was partly
overgrown and stable,

HENDERSON ENVIRONMENTAL CONSULTING LTD. January 2002
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TABLE 4

Sediment Sources® in the Juliet Creek Watershed

—
Sediment Location & Description Recommendations for Rehabilitation
Source
51 Rlusidua], opening 57-1. Blocked culvert{s) has Clear culvert inlet and armor fillslope @
diverted 2 creek over and down road for 83m. culvert inlet.
552 Residual. Blocked cu]u;n: nas eroded a portion of | Repair road and construct sump at culvert
the road and diverted ditch flow across road. Creek | inlet.
is now flowing through culvert, but ditch flow is
still eroding the road,
$53 Residual. Eroding cutbank near bridge. Armour base of bank.
g4 Residual. Rua_.d surface wash is ereding piping Replace culvert,
culvert {hole in culvert),
§8s Residual. Water ever road during freshet at stream. | Install culver,
SSE Residual. Old debris torrent. Raveling cutbank Armour banks upstream of culvert inlet and
upstream and downsiream of culvert, seed exposed soil at culvert outler.
457 July sub-basin. !Ern-:ii_ng ﬁ_IEs!ape at cu]?ferl inlet Armour culvert inlet and outlet, breach
and outlet, eroding ditchling at culvert inlet, berm above inlet, install sump at culvert
Culvert damaged. inlet and replace damaged culvert.
58 IJU!_'_'r' sub-basin. Eroding fillslope ar crossdrain Seed exposed soil, armour inlet, install
inlet. sump at inlet and additional cress-drain
upsiope of inler
559 July sul?abasin. Eroding cutbank and ditchline to Install sump at culvert inlet, clear sediment
eulvert inlet, silt fence in ditch is full (=1m’ behind silt fence and seed cutbank and
sediment). Rilling fillslope at culvert outlet. fillstope.
$510 July suh-_hasin_. I“{i[_h'ng fillslope at culvert outlet Seed fillslope, armour road surface
and eroding ditchline at culvert inlet. approaches to culvert,
SS11 July sub-basin, Collazped wood culvert, Remove/replace culvert.

* Only sites that directly deliver sediment to streams are reported, such as eroding ditchlines conneeted to
culvert inlets, or rills in fillslopes adjacent to streams. Sediment at cross-drains is not listed unless
inferred due to proximity to a stream or there is evidence of a sediment trail from the cross-drain outlet to
the stream,

6.3 Mass Wasting

The air photo review and aerial flight showed that there are natural active
geomorphic processes such as talus slopes, rock falls and avalanches associated
with steep terrain and glacial features in the South, North and July sub-basins. No

slides appear related to forestry activities.

Mass wasting event 1 is listed in Table 5 because it is close (i.e. 20m below) to a
forest road. The road surface is relaxed, dipping to the fillslope. The slide surface
is aetively rilling and raveling direct to the stream (area ~I 00m?). Slope
stabilization with in-stream rock and log flow deflectors applied at the toe of the
failure were in-progress at the time of the field survey (see photos 15+16). It is
recommended to monitor the performance of the works in subsequent freshets

HENDERSON ENVIRONMENTAL &'DNSULTTNG LTD,

January 2002
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6.4 Riparian Areas

There is an overall low concern associated with riparian disturbance due to forest
harvesting along mainstem channels. One site (RIP1, Opening 5, Polyzon 725),
has a feathered buffer that ranges from no trees to the bank of Juliet Creek to
residual stems up to 5m in height (photo 24). No stability concerns were noted in
the riparian area nor were there any obvious channel impacts.

Logging has occurred along small tributary creeks (<1.0m-3.0m) but. in general,
no stability concerns were observed. An exception is channel disturbance for
approximately 50-75m (bank erosion and trees felled/windthrown into creek)
assoctated with riparian logging (opening 6, polygon 669) at Tributary 4.

In the Level 1 fish habitat assessment report for Juliet Creek, the Nicola Tribal
Association (1998) noted isolated instances of forest harvesting to one
streambank. A summary extracted from pages 26-27 is printed below,

“The impacts of forest harvesting in the Upper Coldwater River [i.e. Juliet
Creek and Upper Coldwater] study area pale in comparison to the level of
impact that can be observed on the Coldwater River mainstem while
driving on the Coquihalla Highway or Coldwater Road. It is likely that the
impaired condition of the Lower Coldwater River is more limiting to fish
production than the combined effects of forest harvesting in the Upper
Coldwater River drainage.”

The report recommended two streambank sites as high priority for stabilization, at
1640m elevation on Juliet Creek (Juliet reach 1b. shown as MW1 on map) and at
the South sub-basin near the confluence with Juliet Creek main (tributary 6,
reach 2).

TABLE 5

Mass Wasting Events in Juliet Creek

Mass Wasting Lotation & Desctiption Recommendation
Event . o
Wi Residual. Large stream bank failure to Juliet Creck Monitar performance
b {appears natural). Stabilization werks ongoing at after annual freshets.
iime of field visit,

HENDERSON ENVIRONMENTAL CONSULTING LTD. January 2002
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6.3 Channels

Mainstem channels were inspected at nine locations (~ 1.6km) in the
residual area and sub-basins (Table 6). Tributaries were also inspected
below proposed forest development on the north side of Juliet Creel.

Figure 4 shows the overall gentle gradient of the mainstem of Juliet Creek
{s= 2%). However, the Juliet Creek and July Creek channels are active and
aggraded with sediment accumulation(see photos). The channels appear to
have considerable sream power: large boulders (e.g. diameters > 50cm)
are moved annually during the spring freshet and large debris in channels
were frequently parallel to flow. Along the valley flats are remnants of
previous very high flows, possibly from 1993 or 1997, This is evident in
levees, abandoned channels, widened channels and avulsions.

M. Miles (1992) observed that the 1990 flood caused extensive erosion on
Juliet Creek above the highway bridge. The author also reports that further
vertical and lateral channel instability is expected in lower Juliet Creek due
to a ‘slug” of coarse sediment that is moving downstream through the
Syslem,

Juliet Creek above the confluence with July Creek was an average width
of 15.8m with a gradient of 2% in an unconfined valley flat. The channel
is agoraded with accumulations of coarse sediment. The bed is dominated
by large boulders that also control flow: fine sediment and large woody
debris was virtually absent from the channel. Disturbance indicators
included extensive gravel and boulder bars, multiple channels, levees and
extensive riffles. Eroding banks were also observed in the initial 100m.

Approximately 7.0 ki upstream, the Juliet Creek mainstem exhibits
disturbance characteristics similar to the POI such as bars, multiple
channels and avulsions (e.g. CS8S6). The chamnel is also widened
(average= 66.5m) which has resulted in some debris jams. In Juliet North
(CSS4) the channel is still wide (i.e. 62m) but less disturbed and aggraded
at than below the junction with Juliet South. Gravel bars are beginning to
become colonized with pioneer vegetation species, suggesting an early
trend towards increased stability.

An additional 2.8km upstream at CSS1 through to CSS3. the Juliet Creek
channel is stable to partially aggraded. Banks were stable and large rocks
were black and mossed. Sand is the dominant bed material moving at
floods. Channel sections with moderate (A2) aggradation are related to
natural logjams that have captured sediment on the upstream side.
Logjams were generally not large, except one jam near the mouth of CS53
that has previously diverted flow but is now stable.

In Juliet south(CSS5), the channel was observed to be stable to partially
aggraded, however, near the mouth in a depositional section (@102m-
205m), there was still evidence of channel widening, bars, and avulsions.

HENDERSON ENVIRONMENTAL CONSULTING LTD.
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Tributary channels were also inspected (channel inventory forms not
completed for tributaries). Tributaries 1 through 4 on the north flank of the
mainstem Juliet channel were of particular interest because they drain
areas of proposed development. Tributary 1 is steep (> 20%) and appears
to have recently torrented or be a debris flow, although it was dry at the
time of the survey. Large boulders (i.e.> 60cm diameter) control flow,
banks were eroded and avulsions evident (see photo 10). The channel is
very unstable and erosion of the cutbank at the road was observed. Below
the road, the channel splits into multiple channels and sediment fans over
the forest floor. The channel appears to be still active.

Tributary 2 was dry at the road but a installing culvert is suggested.
because of flow suspected over the road at spring. Tributary 3 appears
blocked, causing diverted flow and erosion over the road surface (SS1).
Tributary channel 4 (CSS7) was stable at the mouth of Juliet Creek and for
most of the 180m survey length. Channel disturbance (windthrow into
creek, eroding banks) was observed for approximately 50m to 75m near
the access road at 154m and adjacent to riparian logging above the road,
Deactivation of the access road is recommended to mitigate sediment
input to the channel,

TABLE 6

Channel Survey Results for Juliet Creek Watershed

Channel ?:nr;teh}' Location/ Description [:Iif:g#;:i%jfﬁgf
Survey Site
(m)

581 100 Morth sub-basin mainster near Opening 1, CPh:5-A2
Wh=3.7m, d=25cm, 5=3.5-3%, D=36cm

C5582 100 North trib. in North sub-basin. SPhis-AZ
Wh=3.3m, d=3Tcm, 5=7.5%, D=23cm

C553 100 North sub-basin mainstem above Morth Trib. SPh:5-A2
Wh=7.dm, d=4lcm, 5=6%, D=3Tcm

C554 229 Maorth sub-basin near mouwth. CPbh:Al-A2
Wh=16m, d=62cm; 555.3%; D=48cm

(CS585 205 South sub-basin near mouth. CPb:5-A2
Wh=39.5m, d=42am, £=5.3%, D=52¢cm

8560 152 Juliet mainstem balow Morth and South sub-basins, CPhAT-A3
Wh=28.9m, ¢=0606.5cm, 5=4%, D=4Tcm

C5587 180 Tributary 4, draining proposed 156-3 &6, 5Pb: 5- AZ
Wh=2.6m. d=ddcm, 5=15% D=4Tcm.

C558 306 July Creek at canfluence with Juliet Creek. Wh=8.3m, RPeial-A2
d=98cm, 5=3%, }=52cm

€589 301 Juliet Creek above July Creek, | RPeiAl-AZ

Wb=15.8m, d=128cm;, 5=2%, D=73cm

HENDERSON ENVIRONMENTAL CONSULTING LTD.
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Near the mouth, July Creek is low gradient (~3%), unconfined in a valley
flat, and flow is controlled by large boulders up to 520mm in diameter.
The channel is braided in sections, and large woody debris is mainly
absent. Disturbance indicators are extensive bars, extensive riffles. and
minimal pool area. A levee at 234m is evidence of former debris flow in
the channel. Overall, the channel is aggraded with sediment, but channel
bars show some revegetation by herbaceous species. Klohn-Crippen
(1999) reports similar channel conditions for this reach. Upstream (more
than 900m above the mouth) July Creek is more confined with exposed
bedrock sections. Debris jams and sediment wedges are common (Klohn-
Crippen 1999), and were also evident in the aerial survey. A
waterfall/chute was seen in the channel above existing logging from the
helicopter (see map).

From the channel assessment report by Klohn—Crippen (1999), there is
natural instability of slopes in the July sub-basin that threatens the channel
stability of the mainstem July Creek. No forestry - related slides were
observed. Sediment deposited into July Creek from torrented pullies and
raveling slopes has developed debris jams and sediment wedges in the
lower July Creek channel (Klohn-Crippen 1999). Sediment delivery from a
tributary channel has resulted in a blocked culvert at the road (reporled as
887 in Table 4). The conclusion of the report is that in July creek natural

sediment sources, “...have had a larger influence on channel conditions
over the long term than sediments from upstream forestry activities” (p.
46).

7.0 PROPOSED FOREST DEVELOPMENT

Most of proposed development is located on the north flank of the Juliet Creek mainstem
in the residual area and North sub-basin. The amount of proposed development
(281.1 ha) is not by itself a hydrologic concern for an increase in peak flows (proposed
ECA’s are less than 13% in sub-basins and over the total watershed). No development is
proposed in the South sub-basin.

The primary concern is related to the location of blocks of CP 106 and CP 156-4,5.6 and
8 above or on steep terrain and potential to impact slope and channel stability. Although
the blocks are primarily on gentle terrain, they drain to much steeper slopes. Blocks
drained by Tributaries 1, 3 and 4 are a concern because these streams are either inherently
unstable or there are existing sediment problems at roads. The potential to initiate a
debris flow or torrent associated with harvesting can be managed by: setting back block
borders to the top of the outer gorge and avoiding harvest on channel sidewalls, ensuring
that logging debris does not enter the channel and: by using low-impact roads that are
deactivated immediately after harvesting. [t is especially important to ensure natural
drainage is maintained at all roads. Temporary crossings are recommended to 106-6 and
156-5 at Tributaries | and 3, respectively. And it is suggested to address sediment
concerns S81 to SS3 inclusive prior to initiating new road building on the north slope of

HE}J-DERSC'N ENVIRONMENTAL CONSULTING LTD. January 20032
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the residual area and to access 156-1. Because of steep terrain and proximity to Tributary
1, it is recommended to have a terrain specialist assess the potential {0 initiate a landslide
at the south portion of 106-6.

Due to gentler terrain, blocks 156-2.3,4 & 8 represent a lower hydrologic concern.
however, it is recommended that SS6 is stabilized, culverts are replaced/installed at SS5
and SS6 prior to harvest, and that roads are deactivated following the completion of
harvest,

Block A56181 is the only block proposed in July Creek. Because of the potential for
debris flows. it is suggested to move the south border away from the creek.

8.0 CONCLUSIONS

Based on the office work and field surveys, the following conclusions are presented for
peak flows, sediment sources, and riparian and channel stability in the Juliet Creek
watershed.

In general, there has been a low amount of forest development in the Juliet Creek
watershed, Both current and proposed ECA’s in sub-basins and over the total watershed
are less than 13%. which does not represent a hydrologic concern for an increase in peak
flows over natural levels.

Forestry-related mass wasting was not observed in the field surveys, although slides,
torrents and debris flows are natural processes on the steep slopes draining to the valleys.
Two road systems are recommended for deactivation (or upgrading) due to a number of
sediment sources at crossings and potential impacts 1o roads from debris flows in steep
tributaries. These are: the access route to 156-1 in the residual area and the south road in
the July Creek sub-basin. Three sediment sources (S84, SS35 and S$S11) can be addressed
by deactivating or replacing culverts. Other roads were stable or set back sufficiently
[rom streams and therefore pose a low concern for sediment delivery,

There has been a low amount of riparian harvesting around mainstem channels. No
impacts to Juliet Creek were noted at the single case of riparian harvesting around the
mainstem, located in the North sub-basin. Logging has occurred along small tributary
creeks (<1.0-3.0m Wb) but, in general, no stability concerns were observed. An
exception is channel disturbance for approximately 50-75m (bank erosion and trees
felled/windthrown into creek) associated with riparian logging (opening 6, polyzon 669)
at Tributary 4.

Streams are active, aggraded and laterally unstable, particularly in the valleys of Juliet
Creek and sub-basins. Mainstem channels are charged with sediment with potential to
migrate downsiream at annual freshets. Instability is natural, and related to high stream
power at floods. Instability was also observed at steep tributaries (torrents and debris
flows). Forestry activities have had a low impact to channel conditions, however, except
for localized sedimentation effects at road crossings as discussed above,

HENDERSON ENVIRONMENTAL CONSULTING LTD. January 2002
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Proposed forest development is a low concern for increasing peak flows in the watershed.
However, there are hydrologic concerns related to the location of some of the blocks over
Steep ferrain, or above existing sediment problems, and the potential to initiate or
accelerate debris flow or torrents. Recommendations are provided in the following
section to address existing and potential hydrologic concerns.

9.0 RECOMMENDATIONS

To protect the water quality in the Juliet Creek watershed. it is recommended to:

1.

3}

(]

L

Stabilize sediment sources SS1, 2 and 3 prior to road building or harvesting on the
north slope of the residual area. This can be done by deactivating or upgrading the
access route to proposed 136-1.

Move the south border of AS6181 away from the creck, and stabilize SS7 to SS10
prior 1o harvesting. Should development not proceed, or following the completion of
harvest, deactivate the south road system in the July Creek sub-basin due to sediment
delivery potential to streams from an eroding road surface and ditchline. and to
mitigate road wash-out potential from torrents at tributaries.

Install or replace culverts at SS5 and SS4 and stabilize S86 prior to harvesting
upslope blocks 136-2 and 3.

Assess the potential for harvesting in the south portion of Block 106-6 to initiate a
landslide by a terrain specialist.

To mitigate debris flow potential at steep tributaries, ensure that logging debris at the
proposed blocks does not enter channels and natural drainages are maintained at roads
to 106- 5 & 6. 136- 5, 6, & 7. Set borders back to the top of the outer gorge, where
applicable. to avoid harvest on channel sidewalls.

Use temporary crossings to 106-6 at Tributary 1 and to 156-6 at Tributary 4 because
of proximity to steep channel terrain, and deactivate these crossings immediately after
harvesting.

Deactivate all proposed roads after harvesting.

Remove/replace the collapsed crossing at SS11 in July Creek sub-basin.

Periodically monitor the performance of the in-stream works at MW 1 after the annual
flood.

HENDERSON ENVIRONMENTAL CONSULTING LTD. January 2002
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FIGURE 1

2001-2006 ECA for the Juliet Creek watershed

Year

16.0
" —e+— Without Fropased Development | ‘
- Lo —8— With Proposed Development | |
=
o 120 1 /I
0
no8— !
= — . — |
8.0 - =
2001 2002 2003 2004 2005 20086
Year
FIGURE 2
2001-2006 ECA for the North Sub-basin
10.0 ————
~ —e— With Propesed Development
o BOL —— Without Proposed Devaiopment
S TS o s L
<<
o
' s
T‘——-——l £
£0
2001 20402 2003 2004 2005 2008
Year
——
FIGURE 3
2001-2006 ECA for the July Creek Sub-basin
14.0
—s— With Proposed Development ‘
—@— Without Proposed Development
P b= Hu — {
= :
<<
[&] L'_'_""‘"---__ —
120 - ——— —
.0 | |
2001 2002 2003 2004 2005 2008




Elevation (m)

1250

1200 -

11580

1100

1050

Figure 4

Juliet Creek Longitudinal Profile

Confluence of Narth and
South Sub-basins

Gradient
B.O.l.-Marth and South Sub-basins:

0.02mim

1000

July Creek

2000

3000

4000 5000 G000 7000 BOOG
Distance (m)

Sl E =S S EE.E S =




S B S O O N I

APPENDIX A

ECA TEMPLATES

Hendersen Environmental Consulting Ltd.

January 2002




=0 / [ | [ ] { ] [ ] [ ] == [ ] : 1 [ 1 [ | /7 =1 = = (=N
[ubigt Creek Watesshied
o _ Witlershed Assessment; ECA Oetermination
rII:ITri-‘_.l Creak ]Wa:ershsd
Regen. Grawth/yaar {m); 02 HEQD Elevation {im) 1500 Threskold ECA (L} 20
Walershed area (ha):  B91E Sub-basin area (ha) 15020 st yaar of study 2ol
Road width(m)  Main: 2000 Zndary 1[}.01 Citar: Hil)
[South Sub-basin | Sirts-trasin Mote: Data entry figlds are shaded.
1. ECA without davelopment For M3R areas enter NSE in height column and no relerence year in year column,
*Rapeneration valuas: Leader= increment: HEiEm: average height ol regen.; year= reference year,
Opening! Fepaneraton® 2001 ECA I 2002 ECA 2002 ECA 2004 ECA 2005 ECA
CPf Black |Polypgon Yedar Arad (ha) Keasurad {m) Adjusted (ha JAdjusted {ha. )l adjustad {ha. Adjusted (ha. ] Adjusted (ha.)
togged |=HBO0 |=HB0 Leader | Yeay HEJE.n'?f | <HGD =HBD | <HE0 =HED | <HBD  =Hed | <H&60 =HG60 | <H&0  =HG&0
PR O fR.30 1587]° 050] 5123 [ 000 | 5123 [ 000 | 5123 | o0 | 5L23 ] 000 | 5123 | 000
27847 197" 5030 1891 ap) 5030 [ 0.00 3773 | oop | 3773 | ooo | 3773 | ooo | 37.73 | 0.00
/839" B0 | TiEN 1987| 080l 443 | 000 | 443 | 000 | 443 | 000 | 443 | 000 | 443 | 0.00
i e g s B i QTR0 1564 2400 633 1.50 583 1.50 .53 1.50 .83 L.50 6,83 1,50
24"4?)'3,_ 19802000 aB0 1996 120] 20.00 | 4.80 20.00 480 § 2000 | 480 | 2000 | 480 1500 | 360 |
oy CFireT 19847 1.20 2198710601 090 0.00 .90 0.00 0.80 000 2.00 .00 0.80 .00
TR E 12000 6.20] MSH 620 | 000 ] 620 | 000 | 620 | ooo | 620 | ooo | 620 | o000
i ] 0.00 0.00 .00 0,00 0,00 .00 Q.00 000 .00 0.00
ROADS fengith (km) Area (ha)
=G0 »HE0 <HEG0 =H&E0
Main a4 ga| 1280 0.20 road 12.80 G20 1280 020 | 1220 | 0.20 1280 | 0.20 1280 | 0.20
Secondary = 7o 0,00 Q.00 roac 0.00 0,00 .60 0.00 0.00 0.00 0.00 .00 0,00 .00
Other = o.oo|  ooo roal 000 | 000 | o000 [ o000 | poo | Goo | ooo | ooo | ooo | o.o0
Inciuded above in ECA calculalions as clearings
Road 1 i
Rail
Without Proposed Blogks 2001 ECA 2002 ECA 2003 ECa 2004 ECA 2005 ECa
Area (ha) Acdiusted (ha.}|Adjusted {hay[Adjusted (ha.jjadjusted (ha)|Adjustad (ha.)
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A5/810 1996 1.00 ] 1.00 000 1.G0 [BERIN 1.00 Dﬂf} L.00 0.00 1.0 0og
33!3575 HL9E0: 213aln 2001 1.50) 21.39 .00 21.30 0,00 21.30 Uﬂ{l_ - 21.30 0.00 21.30 GO0
45/901 | a50( W | 450 | ooo| 450 | o000 | 450 | 000 | 450 | o000 | 450 | 0.00
145/802 vanl’ _ N: | too | ooo 180 | ooo | 1e0 | ooo| 180 | oo § 190 | 000
@55 Lagged 3E0 2001} 050 | 380 | 000 | 380 | 000 | 380 | 000 | 380 | 000 | 380 | 000
Li827 19805 25.90 LG (a0 0.00 25.90 0,00 1943 0,00 1943 Q.00 19.43 000 1943
117704 | 1977 || 5440 1992| 200 | 4080 | 000 | 4080 | 0.0 | 40.80 | 0.00 | 4080 | 0.00 | 40.80 | 0.00
A2/R00 1945 ; .60 M 0.00 7.50 .00 .80 _ oo | 750 0.00 7.60 .00 .50
766 i o | 1760 Ni | ooo |176c] ooo |176D) 000 |1760| 000 | 1760 GO0 | 17.60
14/768 | 1988 00| 5vo 1990l o20| oo | oyo | o0 | 970 | o070 [ 870 | 053 [ 728 | 053 | 7.28
38/841 7.60 1996 030 | 760 | 000 | 760 | 000 | 760 | 000 | 760 | 000 | 760 | 0.00
38/884 0.75 1996) 030 | 075 | oo0 | 075 | 000 | 075 | coo | 075 | 060 | 075 | 0.00
447891 2.00 N 200 [ ooo | 2po | opo | 200 | 0oo | 200 | ooo | 200 | 000
ad/893 | 1995 6.00 ¥ 600 | 0.00 | 600 | o000 | 660 | 6.00 | 600 | 000 | 600 | 0.00
3R/885 2.90 1996) 080 | 290 | 000 | 250 | 000 | 290 | 000 | 290 | ooo | 290 | 000
A3/8B7 10610 = M 1460 0.00 D60 3,030 10,60 D.II_:I_.E}I_ 10.60 0.00 1060 0.00
43/888 1509 520 ! i 1 GU i E_J::_P_’CI 1.00 .20 1.00 .20 1.00 5.20 1.00 5.20
107817 Z6H0| 5ED 1986] 030 | 20.10 | 713 20.10 713 | 200 | 713 | 2010 | 713 | 2010 | 713
695 - | Lopged’| | 390 N 390 | 000 | 380 | 000 | 390 | G600 | 390 | 0.00 | 390 | 000
.00 00 .00 0,00 0.00 .o .00 .00 .00 0,00
. {2y FE ] R R (.00 .00 .00 0,00 (.00 o .00 0.00 [RIa ! 0,00
ROADS ienath (k) frea (hay AR R MO e /vt | o I MMM s e
<H&ED =HGBD | =H60 =HG0 Do
Main 7.5 32| 1500 640 road 1500 | 640 | 1500 | 640 | 1500 | 640 | 1500 | 540 | 1500 | 640
Secondary 000|000 road 000 | 000 | 000 | 000 | 0.00 | 000 | 000 | ooo | 000 | 0.00
Other ool  aoo road oo0 | ooo | doo | ooo | coo | ooo | ooo | ooo | 000 | 0.00
Inclucted above in EGA calculations as clearings =
Road z.2| 0.6 =
Rail | E

E"EI.:.:t' 3
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Juliet Creek Watershed
Wilhout Propozed Blocks 2001 ECA 2002 ECA 2003 ECA 2004 ECA 2005 ECA
Area {hal Adjusted {ha|Aadjusted (ha | Adjusted {ha.)|Adjusted (ha)|Adjusted {ha )
Total <HG0 =Ha0 =HG0 =H&0 «’.HIE!EI =HE0 =HG0 =HE( =H&0 =HED =HGE =HEG0
with roads 2BD8| 1648| 1160 ECAs(ha) 1445] 1136] 1445 107.2] 1445] 107.2] 1443 1047] 1443] 1047
wio roads 2694 1498 1095 Total ECA(ha) 258.1 2516 261.6 249.0 2490
Total ECA (%) 123 12.0 12.0 119 114
ECA (55) =HED: | 54 R | 51 | 50 | 50
[Total available ECA (ha 159.9 166.4 166.4 169.0 1620
Raads Roads
Total area {ha) 21.40 ECAs(ha) 15.0 a4 15.0 6.4 15.0 G4 15.0 6.4 15.0 5.4
Tatal length (k' 13.5 length (k) 9.7 3.8 9.7 3.8 9.7 38 9.7 1.8 9.7 G
Taldensity (kmdm2) 0.e5 density(krmdkm 048 018 D46 0.18 04| 018 046 18 Gas|l 018
|T1:|ta| road densily (kmdimz) 0.65 0.65 0.65 0.65 0.65
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Juliet Creek Watershed
July Creek Subasin
2. ECA wilh  Propeosed E|I|:|-::'kfr__
2002 ECA I 2003 ECA 2004 ECA 2005 ECA 2006 ECA
Year Arcia (ha} Adjusted {ha jfadjusted (ha)Adjusted (ha jjAdjustecd {ha)Aadjusted (ha.)
COMPANY | CP/BLOCK |Logged  |<HBO |>HED <HE0  =H60 | <H60  =H60 | <H60  >He0 | <HE0  ~H60 | <HGBD  =H&0
T SBEEP | (ABGIBL | 2005 11:80, 000 | 000 Do0 [ o000 000 | ooo | €00 | 1180 o000 | 1180
(e ERT P L e T 000 000 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00
iEs oco | ooo | ocoo | ooo | o600 [ ooo | 000 | 000 | oo | 000
"""" 0.00 0oo0 0.00 oo 0.00 (.00 .00 0.00 000 000
el ! 1 S| I T —_— 0G0 000 0.00 000 0.00 0.00 .00 0.00 (.00 0.0
“Roeads i frea (na) | Lengthtkm) | i R i e T il | S
Rocongary <=H&0 =HiE0 Tatal | <HE60 |=HED
N2 0.00 000 0.00 Q.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 .00 0,00
= .00 0.00) 0.00 .00 030 0.0 .00 0.00 .00 0,00 0.00 0L.00 Q.00
e e e\ 0:00 .00 0.00 1y 0.00 0.00 0.00 .00 0.00 .00 .00 0.00 0.00 0,00
With Proposed Blocks 2002 ECA 2003 ECA 2004 ECA 2005 ECA 2006 ECA
Current plus up Lo Lhe Area ha) Adjusted  (ha)|Adjusted (ha.)jAdiusted  (ha)|Adjusted  (ha)|Adjusted  (ha)
1a the year Tatal <HBD  |=HBD | <HGD =H&0 <HB0 =HE0 | =H&0 | =HED | =HE6D | =HE&0 <HED | =H&D
2006 wilh roads 2026 1648 127.8 ECAs (ha) 14451 10V.2 laa. 5] 107.2] 1443 104.7 144.3| 1165 144.3] 1165
wio roads 271.2] 1498 121.4 Total ECA (ha): 251.6 2516 2450 2608 260.8
Total ECA {95 12.0 120 19 125 12.5
ECA (55) =HB0: 5.1 | &1 5.0 5.6 | 56
[Total av:—z_ql_lfxﬁtgl_g_ECA thal 1664 166.4 165.0 157.2 157.2
Roads {Current plus up to the year 2006 ) Roads =
Total area (ha) 21.40 ECAs (ha) 15.0 6.4 15.0 6.4 1540 £.4 15.0 6.4 150 6.4
Total langth (km) 13.50 length (km) 9.7 38 87| 38 97| 38 97| 38 57| 38
Tot.density (kn/hma2) .65 density(km/km 046 018 046 01B 0.46] 0.18 046 0.18 0.456| 0.18
Total road density (kim/kma) (.65 0.65 0.65 .65 0.65
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Juliet Creek Watershed
Juliet Croek Watersherd
Regen Growlth year {m); 0.2 HET Elevation (m) 1500 Ihreshold ECA {9
Sub-basin qrea (ha); R Tst year of study 2001
Foad wicthim)  Main; 200 Zondary Qther: E_Gi
|Res.idual fraa I.S.‘uh-.!ms.-n Mola; Data enlry helds are shaded
1. ECA withoul development For NSR areas enter NSH in height column and no refarence year in year column
*liegeneration values: Leaders increment; Height= average height of regen.; year= reference year.
Omening? Regeneration® 2001 ECA 2002 ECA 2003 ECA 2004 ECA 2005 ECA
CR/ Riock | Palyson Year Areaiha) Measwed (m) Adjustad (haj)adjusted {hal .ﬁ.c:;sns.p,:rl {ha JpAdjusted [ha)jadjusted (ha.)
togged |<HG0 |=HBO |leader | Vear |Height | <HB0 =H&0 | <HED =HE0 | <H60 =HG0 | <HEOD =HED | =H&0  =H&D
5/669 | 1981 9,00 1991 080)| 9.00 | 0.00 | 675 [ 000 | 675 | 000 | 675 | 000 | 675 | 000
Eoo [IEEE 1.60 1981] 7.007] 000 | 013 | 000 [ 0is | oo0 [ 019 | 000 | 018 | o0 | 019
627 B 240 N | 000 | 240 | 0o0 | 240 | 000 | 240 | 000 | 240 | 600 | 240
15/723. | 1979 44,80 1988] 040 | 4480 | ooo | 3360 | noo | 3360 | ooo | 3360 | 000 | 3360 | 000
16/675 | 1980 | 4040 1995] 160 ] 4040 | ooo | 3030 | 0oo | 3030 | ooo | 3030 | 000 [ 20320 | 0.00
137707 | 1977 | 5040 1886] 090 | 4455 | 000 | 4455 | 000 | 4455 | 0.00 | 24455 | .00 | 4455 | 600
13/708 | 1877 | 14.60 1095|150 | 1460 | 0.00 | 1460 | 0.00 | 1095 | 000 | 1095 | 0.00 | 1095 | 0.00 |
766 B 6.70 N | 000 | 870 | 000 | 670 | 000 | 670 | 000 | 670 | 0.00 | 670
42/880 310, M, 000 | 310 | poo | 310 | 600 | 310 | 000 | 3.10 | 000 | 3.10
147768, 1988 | 3.60| 20.00 19cn| 020 | 360 |2o00| 360 |zooo| 3e0 | 2000l z70 | is00| 270 | 1500
38/RE2 190 1996|630 | 190 | opo | 180 (D00 | 190 | oob | 180 | odo | 180 | 0.00
38/841 BT 1996] 030 | 560 | ooo | s5ec | ooo | 560 | ooo | 560 | 000 | 560 | 000 |
[28/884 | 1995 10,15 1996| 30 | 1015 | oo | 1015 | ooo | 1015 | ooo | 1015 | 0.00 | 1015 | o.00
117708 [F71877 23,20 1992|200 | 1740 | 000 | 1740 | 000 | 1740 | 000 [ 17.40 | 000 | 17.40 | 0.00
F0/578" 635 635 1550|700 | 635 | 635 | 635 | 635 635 | 635 | 476 | 476 | 476 | 476
606 || Logged | 1650 1991|7600 | 413 | 000 | 413 | 000 | 413 | 000 | 413 | 0.00 | 413 | 000
B07. | 849 5870 i, | 5870 | ooo | 5870 | 000 | 58.70 | 0.00 | 58.70 | 0.00 | 5870 | 0.00
609 | B4S. | 1200 N | 1200 | ooo | 1200 | 000 | 1200 | 0.00 | 12.60 | 0.00 | 1200 | 0.00
67R. B42 4160 19oif 1000 416 | ooo | 416 |[ooDo| 416 | 000 | 416 | 000 | 416 | 000
524 344 4290 1991| 1000 429 | ooo | 42 |ooo| 420 | ooo | 429 | oo | az9 | o000
613 BaG 14.20 1981 Bi00] 355 | ooo | 355 |obb | 355 | 000 [ 355 | 0.00 | 356 | 000
695 Logged 250 il 250 | 000 | 250 Jooo| 250 | oo | 250 | o000 | 250 | ooo
oo | ooo | ooo |[occ | ooo | 000 | 000 | 000 | o000 | ooo
coo | coo ] ooo | ooo | 000 | ooo | 000 | ood | 600 | 000
0.00 | 000 | oo0 [ooo [ ooo | 00D | ooo | coo | ooo | ooo |
ooo [ coo| oo |ooo| ooo | ogo | ooo | 000 | GO0 | 0.00
o 000 | 000 | 000 [ 000 )| ooo [ o000 | ooo | ooo | ooo | 600
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Jubict Creek Watershedd
ROADS fangti (ki) - Araa {ha)
<HGO =HG0 <HED =G0
e 136 16| 27.20 3.20 road 2720 | 320 | 2720 | 320 | 2720 | 320 | 2720 | 320 | 27.20 | 320
Secontary 4 4.00 0.ao raal a00 | ooo [ 400 | ooo | 4co | ooo | aa0 | ooo | aoo | ooo
Dthar ; 0.00 0.00 roarl 0.a0 | oo poo | ooo | ooo | oo | ooo | ooo | oo | ooo
Included above in ECA calculations as clearings
Road } 03
il
2001 ECA 2002 ECA 2003 ECA N 2004 ECA 2005 ECA
Area (ha) Adjusted {ha)hdjusted {ha)|adiustor (ha | Adjusted (ha.)|Adjusiod {ha.}
Tatal <Had | =HE0 =Ha0 =HG0 <HE6D =HE0 | =He0 =H&0 | =H&6D =HBOD | =HGD =H&ED
withroads | 4B2.3| 4386] 437 ECAs(ha) 3189 419] 2953 418 2917] 41.9] =2892] 354] 2892] 354
W/ roads 447,091 AD7.A A05 Total ECAfha) 3608 3373 2336 324.5 324.5
Total ECA (%)% 132 124 2.2 11.9 11.9
ECA (%) =HB0: I [ 15 | 15 i I
Total avallable ECA (haj 184.7 2083 2119 210 2210
Roads Roails i
Total area {ha}) 34.40 ECAs(ha) 312 3.2 31.2 3.2 31.2 3.2 312 3:2 31.2 3.2
Total lenglis (k) 19.5 Jength {lkm 17.6 4 17.6 1.5 176 1= 176 14 17.6 1.5
Tebdensity (km/km2) .71 cansily(kmiom 0.6 0.1 0.6 2.1 0.6 0.1 0.6 01 06 0.1
[Total read density (kin/km2) a7 a.7 o7 07 55
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Juliet Creel Watershed
Resicual Area Sub-basin
2. ECh with  Propossd  Blocks
2001 ECA 2002 ECA 2003 ECA 2004 ECA 2005 ECA
Year Araa (ha) Adjusted (haj)adjusted (hejjAdjusted (ha)jadjusted {ha|Aadjusted {1y
Company | CF/BLOCK [Logped  |<HE0  |=HBD =HG0  =HGD | <HED =HBD | <H60  =H60 | <HE0 =H60 | <HED =HED
STEIkE 1065 | 2008 16,60 0.00 .00 .00 0.00 0.00 0.00 000 | 000 | 000 a.00 |
Tolko | 1066 | 2006 | 2.50] 20:50 000 | 000 ) 000 | 000 | 000 | 0.00 ] 000 | 000 | GoD | o.00
Trelko o Eal ] [ n B 17.60 000 0.60 | Q.00 0.0 .00 .00 £.00 Q.00 0.0 000
Tolko 156-1 | 2006 | 2600f 000 | 000 | ooo | ooo | 000 [ 600 | 000 | 000 | 000 | 0.00
Tolko 1565 2006 31.50 000 | ooo 000 [ 000 000 | ooo | ooo | ooo | oo | 0.00
Tolko i BT 2006 12:20 0,00 0.co 0.o0 o I:I':}_ .00 Q.00 .00 .00 .00 003
iTolkn A56:7 2006 2060 0.00 .00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00
.00 .00 0,00 0,00 0.00 (RITH Q.00 .00 000 0.00
000 |ooo | ooo | ooo] ooo | o000 | ocoe | ooo | coo | ooo
i | ooo | ooo ]| ooo | o000 | ooo | ooo | ooo | ooo | ooo | .00
Boaas | | 7 Area (ha) Length (km) il N - f
Secondary <H&( =H&0 Total | =HGO |=HED
v 2005 .00 9,30 9.30 9,30 .00 0.00 0.00 .00 0.0 0,00 0.00 0.00 Q.00 9.30
£.00 080 0.00 [0 0.00 0.0 0.00 .00 0.00 .00 D0 0.c0 (00
£.00 D.00f 0.00 .00 000 0.00 0,00 0.040 .00 000 0,04 0.00 FD.CI-D
0,00 0000 4.00 (3.0 0.00 000 0.0 (.00 .00 .00 D.ad 000 0.ao
0.00 0.o0) 0.00 000 0.00 £.00 0,00 .00 .00 200 .00 0.00 2.00
Wih Proposed Bloche 2001 ECA 2002 ECA 2003 ECA 2004 ECA 2005 ECA
Current plus up Lo the Area (ha) Adjusied tha )t Adjusted {ha. )| hdjusted (hay|Adjusted {ha.)|Adjustad ':hﬂ.'l
to the year Tatal <HE0 :-HE@_ <HBO =Ha0 < || G0 =HE0 | <HGD :~E-I'E.(JI <H a0 =HG0 | <HEO }I-IEDI
2005 with roads B39.5] 4675 172.0 ECAs {ha} i) 419 2853 418 2917 4189] 28972 354 2892 aazy
w0 rosds 595.8| 435.3| 1595 Total ECA tha)| 3608 3373 3346 324.5 333.8
Total ECA (%); 13.2 124 12,2 119 123
ECA (%) >HED; [ 15 T [ 138 [ 13 1.6
[Total available ECA (ha| 1847 208.3 2119 2210 211.7
Roads (Current plus up to theyear 20058 ) - Roads —
Tolal area (ha) A43.70 ECAs {ha) 3l 3.2 aLz 3.2 31.2 3.2 3.2 3.2 312 125
Total length (km) 28 80 | length (km) 17.6 1.5 176 i3 176 1] 176 1.9 176 112
TI:It.IjE'I'IEIl_'r' Eh[r”‘k[nz} 108 density(km o 0.6 0.1 0.& 0.1 0.4 0.1 0.5 0.1 0.5 0.4
[Total road density (km/km2) 0.7 0,7 0.7 0.7 e
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Jubiet Creek Waltershed
ECA Summary table for  Juliet Creek Walershed
Sub-basin Aroa Concition withoul developiment in 2001 Condition with proposed development
ECA™ Tatal Roads 2001 ECA, 2002 ECA 2003 ECA 2004 ECA 2005 ECA
Tolal =HG0  |cleared Total =HBO | Total =HED |Tatal =H&O |[Total =HE0 [ Total ~H&0
ha ha area Area Density by ha ht ha ha ha ha ha ha iG]
ha < 5 ha ha o Rmdkmd o or o o o, oy a, ar o, a
Avall.ha o avail, ha. avail. ha. avail. ha avail. ha, avail, ha,
South Sub-basin 1592 .5 1808 13.0 (15" 0.4 159.2 0.5 196.6 8.5 146.6 6.5 1466 0.5 1404 53
1502.0 10.6 0.4 106 O 93 0.4 9.8 0.4 9.8 i 9.3 04
141.2 12.0 1412 153.8 153.8 1538 1600
Marth Sul-basin 1236 | 28BS 1836 | 121 | 05 { 02 1236 | 285 1201 {285 | 1201 | 285 | 1201 | 285 | 1213 | 275
25566.4 4.8 1.1 4.8 1.1 46 1.1 A6 1.1 4.6 1.1 4.7 1.1
3957 7.5 395.7 3992 3992 3992 F98.0
July Creek 2581 | 1136 | 2808 | 214 | 1.0 ; 06 | 2581 | 1136 | 2516 [107.2| 2516 | 107.2 | 2490 ; 104.7 | 2608 : 1165
20001 12.3 5.4 123 | 54 12.0 5.1 12.0 5.1 11.9 5.0 125 | 5@
159,59 13.4 1599 | 166.4 1664 169.0 157.2
Resicual 3608 | 419 [ 4823 [ 344 | 13 | 07 | 3608 § 419 | 3373 | 419 | 3336 | 4190 | 3245 | 354 | 3338 | 447
2F2T 7 13.2 I:5 132 | 15 124 i 15 12.2 1.5 11.9 1.3 12.2 1.6
184.7 17.7 | - 184 7 208.3 2119 221.0 2117
Watershed 89152 | 9016 | 1906 [ 11374 809 | 05 | D& | 9016 | 1906 8556 ; 1841 B510 | 184.1 | 8402 : 1751 ] 8563 | 1929
Totals 10.1 2.1 10.1 2.1 06 | 21 a6 2.1 a4 20 9.6 e,
881 6 12.8 881.6 927.7 | 931.3 943.0 926.9

#*The column ECA contains the ECA In heclares, as a parcentage of Lhe {atal area, and the hectaras available up 1o (ke thrashold.

Fegen growthdvear (ml:
Road widihs (mj:

Q.2

Main: 20.0

H&D elevation {m):
Sacondary:

1500
10.0

Threshold ECA (55}

Dther: 5.0
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Juliet Creek Watershed

ECA Sumimary Lable lar

Juliat Craek

Watershed

Sub:basin Area Condilion wilhout develapment in 2002 Condition with proposed development
ECAr® Total Roads 2002 ECA 2003 ECA 2004 ECA 2005 ECA 2006 ECA
Total =HEO  |cleared | Total =HED | Total =HE&0 | Total >HBD |Tolal =HB&D |Total >HE0
la ha area Area Densily Iva ha ha ha ha ha ha ha ha fia
ha o5 %o ha he T pmkmy % % % o o T i %o To i
Awzil ha o avail, Ha avail. ha. avail. ha, avail, hi avail. ha,
Soulh Sub-basin 146.6 6.5 180.8 13.0 { 08 0.4 1465.6 6.5 1466 6.5 14G.6 5.5 1404 53 140.4 5:3
1502.0 9.8 o4 5.8 0.4 4.8 | 04 9.8 0.4 2.3 0.4 9.3 0.4
153.8 12.0 1638 1538 ¢ 153.8 160.0 1600
Morth Sub-basin 120.1 28.5 1936 | 121 § 04 .2 120.1 28.5 120.1 285 | 1201 | 285 | 121.3 ] 275 | 2434 | 1066
2596 4 46 11 4.6 1.1 a6 1.1 4.6 1.1 4.7 1.1 0.4 4.1
399 2 7.5 399.2 3952 399.2 3980 275.8
Tuly Crook 2516 ; 107.2 | 2808 | 214 | 10 | 06 | 2516 | 107.2 | 2516 | 107.2| 249.0 | 1047 | 2608 ; 1165 | 2608 | 1165
2090.1 12.0 5:1 12,0 3.1 12:0 5:1 1149 5.0 125 | BB 12.5 5.6
166.4 13.4 166.4 1664 169.0 157.2 1572
Residual 3373 41.9 4823 | 34.4 1.3 0.7 337.3 | 41.9 3336 | 419 | 3245 | 354 | 3338} 447 | 4771 | 163.7
27277 iz2.4 1.5 12.4 L5 12.2 1.5 119 1:3 12.2 1.6 1.5 6.0
208.3 1737 208.3 2118 221.0 2117 Ga8.4
Watershed | B916.2 | 8506 | 184.1 [ 11374 809 | 0O | 06 [ 8556 | 184.1| B519 [ IB4.1 | 2402 | 1751 | B56.3 | 1939 | 1121.7 | 3020
Tolals 9.6 2.1 9.6 2.1 9.6 2.1 9.4 2.0 9.6 22 | 126 | 44
g27.7 12.8 927.7 931.3 943.0 526.9 861.5

#The column ECA conlains the ECA in hectares, as a percentage of the total area, and the hectares available up to the thrashold.

Remen growth/ year (m):

Road widths ()

0.2
Main;

200

HED elevation (m):
Secondary:

1500
100

Threshold ECA (35

Other: 5.0

i*:l.j__;f- Il

20




Photo 1: Juliet below confiuence with Tuly Creek. Note armoured banks upstream and downstream of
Cogquihalla highway,

Photo 2: Conflusnce of July Creek (1ft.) with Julist Cresk (rt.).




Photo 4: Julise (@ 100m. Note large boulder, lateral bars, and tree turned parallel to the channel



Photo 5: Early colonization of lateral bar in Juliet mainstem @ CS54.

Photo & Widened Juliet channel @ CS56.



Photo 7: Stable, bedrock and boulder controlled Juliet channel @ Cs51.

Phaoto &: Old jam (1.} at C553, Juliet.



e

Photo 10: Tributary |, Residual area. Dry channel. Note boulder size, avulsion at right,



Photo 12: Juliet Tributary 4 @ mouth with Juliet (centre of photo),







MWL, Juliet, prior 10 in-stream slope stabilization works.

5

Fhoto 1



Fhote 17 Stable road in Juliet Creek.



Photo 19: Culvert recommended at S53 to prevent flow over road.



Photo 21 Full sediment silt fence at 859,



e to culvert outler, 5510,

Fhoto 22: Raveling at fillslop

Fhoto 23: Debris/torrent @ 536,



Photo 24; Near streambank logging @ RIPL,





